Uptake of free, calcium-bound and liposomal encapsulated nitrogen containing bisphosphonates by breast cancer cells.
We have examined the uptake routes by which breast cancer cells internalize different formulations of nitrogen containing bisphosphonates (N-BPs). Cell viability was assessed with the tetrazolium colorimetric test (MTT assay) after treatment with different N-BP formulations in the presence or absence of inhibitors for different endocytosis mechanisms. Intracellular formation of isopentenyl pyrophosphate (IPP) and triphosphoric acid 1-adenosin-5'-yl ester 3-(3-methylbut-3-enyl) ester (ApppI), were quantified with mass spectrometry (ES-LTQ-MS) as surrogate markers for N-BP efficacy. Direct quantification intracellular [(14)C]-labeled zoledronic acid was done with liquid scintillation counting. The main uptake route for all the different formulations of nitrogen containing bisphosphonates was shown to be dynamin dependent endocytosis, which was significantly enhanced with calcium. This uptake mechanism was mostly caveolin and clathrin independent in MCF7 cells, but more clathrin dependent in T47D cells. Liposome encapsulation of the drug shifted the uptake mechanism to be more dependent on caveolin in both the cell lines. The cytotoxicity of N-BPs and the concentrations of formed intracellular ApppI and IPP were significantly increased by calcium chelation and liposome encapsulation, the latter being the most potent formulation. Nitrogen containing bisphosphonates require active endocytosis for cellular uptake and in the breast cancer cells the mechanism is uniformly dynamin dependent for all the formulations tested. This differs e.g. from the previous observations on macrophages, which mostly utilize macropinocytosis. Liposomal formulation was found to prolong the duration of the drug effect in cells.